Iron is an important element from an industrial point of view. With the expansion of industrial activities during this century, the selective separation of iron from undesired impurities is an important issue in the production of pure iron oxide, which has a wide range of applications in the electronics industry. 1,2 The effective recovery of metal ions is possible only if the separation process is sufficiently selective. Especially, in smallscale industries operating in communal areas, there is the need to find easy and reliable methods for waste treatment. Nowadays, the solvent-extraction technique has been increasingly employed to overcome the iron control problem in hydrometallurgical industries. 3, 4 This extraction technique is one of the most widely used methods for this purpose because of its inherent simplicity. It is an effective method for the selective separation of metal ions from an aqueous system by adding an organic solvent to an aqueous solution. The selective extraction of metal ions from industrial waste water streams and from contaminated areas is a topic of great interest.
Introduction
Iron is an important element from an industrial point of view. With the expansion of industrial activities during this century, the selective separation of iron from undesired impurities is an important issue in the production of pure iron oxide, which has a wide range of applications in the electronics industry. 1, 2 The effective recovery of metal ions is possible only if the separation process is sufficiently selective. Especially, in smallscale industries operating in communal areas, there is the need to find easy and reliable methods for waste treatment. Nowadays, the solvent-extraction technique has been increasingly employed to overcome the iron control problem in hydrometallurgical industries. 3, 4 This extraction technique is one of the most widely used methods for this purpose because of its inherent simplicity. It is an effective method for the selective separation of metal ions from an aqueous system by adding an organic solvent to an aqueous solution. The selective extraction of metal ions from industrial waste water streams and from contaminated areas is a topic of great interest.
A literature survey reveals that a large number of reagents, such as acidic, [5] [6] [7] neutral, 4, 8, 9 basic, 10, 11 and macrocyclic extractants, [12] [13] [14] [15] has been used for the extraction of metal ions. The efficiency of metal extraction by these extractants varies from one material to another. Furthermore, the extraction of metal ions with certain functional groups on the solid phase has gained importance in various industrial fields. [16] [17] [18] However, irreversible binding of the metal ions and lack of selectivity are the main disadvantages of such extraction techiniques. 19 Although various solvent-extraction systems as an alternative for selective extraction of iron have been reconsidered, [20] [21] [22] [23] [24] oxime extractants, which form complexes with iron(III), have been rarely used in this field. 25 In our earlier work, bis(∆ 2 -2-imidazolinyl)-5,5′-dioxime was tested for its capability to complex with metal ions 26 and its antimicrobial effects 27 was reported. In this study, selective extraction of iron(III) with bis(∆ 2 -2-imidazolinyl)-5,5′-dioxime (H2L) in toluene as a function of the pH, equilibrium time and concentration of the extractant in the presence of cobalt, copper and nickel ions in binary and multicomponent mixtures has been studied.
Experimental

Reagents and apparatus
Bis(∆ 2 -2-imidazolinyl)-5,5′-dioxime (H2L) (Scheme 1) was prepared in our laboratory according to a previously described procedure. 26 All other chemicals and solvents used were of analytical reagents grade. Standard solutions of iron(III), cobalt(II), copper(II) and nickel(II) ions were prepared by appropriate dilution of commercially available 1000 µg ml -1 atomic absorption spectrometric solutions. Suitably diluted stock solutions of the above-mentioned metal ions were used in extraction studies. All organic phase solutions were prepared by dissolving weighed amounts of H2L in toluene, which were diluted to the required volume. All water used was deionized from distilled water.
An atomic-absorption spectrophotometer (Sigma Avanta GBC 906) was used for the analysis of metal ions in aqueous solutions.
pH measurements were made on a Hanna The feasibility of using bis(∆ 2 -2-imidazolinyl)-5,5′-dioxime (H2L) for the selective extraction of iron(III) from aqueous solutions was investigated by employing an solvent-extraction technique. The extraction of iron(III) from an aqueous nitrate solution in the presence of metal ions, such as cobalt(II), copper(II) and nickel(II), was carried out using H2L in binary and multicomponent mixtures. Iron(III) extraction has been studied as a function of the pH, equilibrium time and extractant concentration. From the extracted complex species in the organic phase, iron(III) was stripped with 2 M HNO3, and later determined using atomic-absorption spectrometry. The extraction was found to significantly depend on the aqueous solution pH. The extraction of iron(III) with H2L increases with the pH value, reaching a maximum in the zone of pH 2.0, remaining constant between 2 and 3.5 and subsequently decreasing. The quantitative extraction of iron(III) with 5 × 10 -3 M H2L in toluene is observed at pH 2.0. H2L was found to react with iron(III) to form ligand complex having a composition of 1:2 (Fe:H2L). Instruments HI 8314 pH meter with a combined glass electrode.
General extraction procedure
Liquid-liquid extractions were carried out by shaking equal volumes of aqueous and organic phases at 25˚C. Five milliliters of solution containing 10 µg mL -1 of metal ions were taken, and the pH was adjusted to the desired value by adding dilute nitric acid and/or sodium hydroxide solution. The total volume of the solution was made up to 10 mL. Following this, 10 mL of H2L solution in toluene of appropriate concentrations was added, and the solutions were shaken for about 10 min. In all cases, a phase ratio (O/A) of 1 was used. The solution was then transferred to a separatory funnel. The two phases were allowed to settle and separate until the organic phase became clean. After phase separation, metal ions from the organic phase were stripped with 1.0 M HNO3 and the metal concentrations were analyzed by AAS. Then, 1.0 ml was taken from the aqueous phase and diluted to 25 ml with water for an AAS determination of extracted metal ions.
Results and Discussion
Some preliminary experiments were carried out in order to investigate the quantitative extraction of iron(III) ions by H2L in the absence of other metal ions. The optimum conditions for the extraction of iron(III) were established by varying the experimental parameters, such as the extractant concentration, the pH, and the equilibrium time, using chloroform, benzene or toluene as a diluent. The effect of the H2L concentration on the extraction of iron(III) was studied by keeping both the metal and acid concentrations constant. The results are shown in Fig.  1 . It is clear from the figure that the extraction of iron(III) increased with increasing concentrations of H2L. It was found that iron(III) was quantitatively extracted at pH 2.0 with 5 × 10 -3 M H2L dissolved in toluene (Fig. 1) . There was no special advantage of using higher concentrations of the extractant.
The period of equilibration was varied over 1 -10 min when iron(III) was extracted at pH 2.0 with 5 × 10 -3 M H2L. The extraction was quantitative with a minimum of 4 min of shaking. However, it was observed that prolonged shaking had no adverse effect on the extraction. Therefore, an equilibration period of 5 min was maintained during extraction. The suitability of various diluents, like toluene, benzene and chloroform, were tested for the proposed method. Although the extraction of iron(III) was quantitative with toluene and chloroform as diluents, benzene proved to be poor diluent. Toluene was preferred as a diluent for further studies, since it provided better phase separation. The effect of various mineral acids of different concentrations on the back-extraction of metal ions from the organic phase consisting of 5 × 10 -3 M H2L in toluene has been investigated under the optimum extraction conditions. It was observed that 1.5 -4.0 M HCl, 1.0 -4.0 M H2SO4, 1.0 -4.0 M HNO3 stripped copper(II), cobalt(II) and nickel(II), whereas 1.5 -4.0 M HNO3 stripped all metal ions quantitatively. The optimum extraction conditions are given in Table 1 .
Effect of the pH on the extraction of iron(III)
The effect of the pH on the percentage extraction of iron(III) by H2L in toluene was studied in the range of 0.1 -6.0 under the optimum extraction conditions. As shown in Fig. 2 , the extraction of iron(III) increased greatly from pH 0.1 up to 1.5, 
Analysis of extracted species and the stoichiometry of the iron(III) reaction by H2L
Attempts were made to ascertain the nature of the extracted complex species using log D-log C plots. The composition of the extracted species was ascertained from the graph of log D vs. log[H2L] at fixed pH of 2.0. The graph of log D against log C (H2L) was found to be linear, having slope of 1.95 at fixed pH of 2.0. The composition of the extracted species was calculated to be 1:2 (metal:extractant). Hence, the probable composition of the extractable species is 1:2 or [Fe(HL)2]X (X: anion as NO3 -).
Taking into account that H2L is an acidic extractant, the extraction reaction for a given metal should be expressed by the same ratio, 1:2. Log-log plots of the ratio of ditribution versus the H2L concentration (at fixed pH) gave straight lines with slope of 1.95 for iron(III) (Fig. 3) , which indicates that two molecules of H2L were associated with iron(III).
The composition of the extracted complex and probable mechanism may be given as follows: 
where H2L represents the extractant molecule, and aq and org denote the aqueous and organic phases, respectively. It is shown from Eq. (1) that for each mol of iron(III) extracted into the organic phase, 2 mol of proton is liberated into the aqueous phase.
Extraction of iron(III) from binary solutions
The separation of iron(III) from various metal ions in binary mixtures was attempted using the proposed method. It was observed that under the optimum extraction conditions of iron(III), metal ions such as copper, cobalt and nickel were not extracted into the H2L phase. This readily facilitated the separation of iron from these metal ions. Iron(III) was extracted in the presence of each ion in a binary mixture. The extracted metal ions were back-extracted with 2 M HNO3 and determined as described in the general extraction procedure. Iron was completely extracted from each metal ion. The recovery of iron(III) and added ions was ≥ 99.5%. The total results of the binary separation are given in Table 2 . The results obtained from binary solutions confirmed that the extraction of iron(III) was not affected by the amount of cobalt(II), nickel(II) or copper(II).
Separation of iron(III) from multicomponent mixtures
Under the optimum conditions indicated in the above procedure, iron(III) has been extracted from metal ions, such as cobalt(II), copper(II) and nickel(II), into an organic phase ( Table 3 ). The differences in the extraction behaviors of these metal ions were utilized for the selective extraction of iron(III). Mixtures of iron(III), cobalt(II), copper(II) and nickel(II) were resolved by extracting iron(III) at pH 0.1 -2.0 first, where cobalt(II), nickel(II) and copper(II) remained unextracted in the aqueous phase. The results given in Table 3 were all satisfactory. Consequently, at pH 2, iron(III) was quantitatively extracted to the organic phase, while cobalt(II), nickel(II) and copper(II) remained unextracted in the aqueous phase. After phase separation, it was observed that 1.5 M HNO3 stripped iron(III), whereas 1.0 M HNO3 stripped other metal ions quantitatively.
Conclusion
This study has shown that H2L is a powerful extractant for 
The stripping of iron(III) from the organic phase can be easily achieved using nitric acid solutions.
